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SEMICONDUCTOR DEVICE AND METHOD FOR 
FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device, and more particularly, to a semiconductor device and 
a method for fabricating the same, Which can prevent a 
signal loss in an integrated circuit that processes radio 
frequency signals. 

[0003] 2. Discussion of the Related Art 

[0004] As the silicon (Si) semiconductor fabrication tech 
nology develops, an operation frequency of integrated cir 
cuits has been gradually increasing close to the radio fre 
quency range. If the operation frequency of a device or 
circuit having a silicon substrate is higher than 2 GHZ, there 
is a signal loss along interconnections. To overcome this 
problem, a semiconductor material, GaAs, Which exhibits a 
semi-insulating property, has been used instead of a Si 
substrate. The use of GaAs alloWs signal transmission up to 
10 GHZ in the circuit Without signal loss and Without having 
to match the impedance characteristic. HoWever, in the case 
of transmitting of a signal With the operation frequency 
greater than 10 GHZ using a GaAs substrate, a process, such 
as an electrolytic plating, is needed to match the impedance 
characteristic of a transmission line. 

[0005] The above-described conventional semiconductor 
device has the folloWing problems. The background tech 
nology of using a GaAs substrate for preventing the signal 
loss in a radio frequency processing integrated circuit is not 
applicable to a-Si substrate. 

SUMMARY OF THE INVENTION 

[0006] Accordingly, the present invention is directed to a 
semiconductor device and a method for fabricating the same 
that substantially obviates one or more of the problems due 
to limitations and disadvantages of the related art. 

[0007] An object of the present invention is to provide a 
semiconductor device and a method for fabricating the same 
Which can prevent a signal loss in an integrated circuit 
processing radio frequency signals. 

[0008] Additional features and advantages of the inven 
tion Will be set forth in the description Which folloWs, and 
in part Will be apparent from the description, or may be 
learned by practice of the invention. The objectives and 
other advantages of the invention Will be realiZed and 
attained by the structure particularly pointed out in the 
Written description and claims hereof as Well as the 
appended draWings. 

[0009] To achieve these and other advantages and in 
accordance With the purposes of the present invention, as 
embodied and broadly described, the semiconductor device 
includes a ?rst insulating ?lm formed on a substrate and 
having a plurality of holes therein; a cavity formed under the 
?rst insulating ?lm; an impurity region formed in the 
substrate and around the cavity; a second insulating ?lm 
formed on portions of the ?rst insulating ?lm to ?ll the holes 
and a space betWeen the cavity and the impurity region; a 
plurality of contact holes formed to expose certain portions 
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of the impurity region; and a plurality of Wiring layers 
formed to be in contact With the impurity region through the 
contact holes. 

[0010] In another aspect of the present invention, there is 
provided a method for fabricating a semiconductor device 
including the steps of forming a ?rst insulating ?lm on a 
substrate to de?ne a plurality of holes therein; forming a 
cavity under the ?rst insulating ?lm; forming an impurity 
region in the substrate and around the cavity; forming a 
second insulating ?lm on portions of the ?rst insulating ?lm 
to ?ll the holes and a space betWeen the cavity and the 
impurity region; forming a plurality of contact holes to 
expose certain portions of the impurity region; and forming 
a plurality of Wiring layers in contact With the impurity 
region through the contact holes. 

[0011] It is to be understood that both the foregoing 
general description and the folloWing detailed description 
are exemplary and explanatory and are intended to provide 
further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] The accompanying draWings, Which are included 
to provide a further understanding of the invention and are 
incorporated in and constitute a part of this speci?cation, 
illustrate embodiments of the invention and together With 
the description serve to explain the principles of the inven 
tion, Wherein: 

[0013] FIG. 1A illustrates a plan vieW of a semiconductor 
device in accordance With a general embodiment of the 
present invention; 

[0014] FIG. 1B illustrates a sectional vieW across line I—I 
in FIG. 1A; 

[0015] FIGS. 2A~2C illustrate sectional vieWs for 
explaining a method of fabricating a semiconductor device 
in accordance With the general embodiment of the present 

[0016] FIG. 3A illustrates a plan vieW of a semiconductor 
device in accordance With a ?rst embodiment of the present 
invention; 
[0017] FIG. 3B illustrates a sectional vieW across line 
II—II in FIG. 3A; 

[0018] FIGS. 4A~4E illustrate sectional vieWs for explain 
ing a method of fabricating the semiconductor device in 
accordance With the ?rst embodiment of the present inven 
tion; 
[0019] FIG. 5A illustrates a plan vieW of a semiconductor 
device in accordance With a second embodiment of the 
present invention; 

[0020] FIG. 5B illustrates a sectional vieW across line 
III—III in FIG. 5A; and 

[0021] FIGS. 6A~6E illustrate sectional vieWs for explain 
ing a method of fabricating the semiconductor device in 
accordance With the second embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0022] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention, examples of 
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Which are illustrated in the accompanying drawings. FIGS. 
1A-2C Will be referred to for explaining a semiconductor 
device and a method of forming the same according to the 
general embodiment of the present invention. 

[0023] Referring to FIGS. 1A and 1B, the semiconductor 
device Without an operation frequency loss according to the 
general embodiment of the present invention includes a ?rst 
oxide ?lm 22 having a plurality of holes 22a initially 
exposing certain regions of a silicon substrate 21, a cavity 23 
etched to a certain depth in the silicon substrate 21, and an 
N-type heavily doped impurity region 24 (dotted region in 
FIG. 1A) formed Within the silicon substrate 21. 

[0024] The semiconductor device further includes a sec 
ond oxide ?lm 25 ?lling a space betWeen the N-type 
impurity region 24 and the cavity 23, a device formation 
region 27 formed in one region of the second oxide ?lm 25 
above the cavity 23 for forming active or passive devices, 
contact holes 26 formed through portions of the ?rst and 
second oxide ?lms 22 and 25 to expose portions of the 
N-type impurity region 24, and a ground line 28a formed 
around the device formation region 27 such that the ground 
line 28a makes contact With the N-type impurity region 24 
through the contact holes 26. 

[0025] Referring to FIG. 2A, a method for fabricating the 
semiconductor device of FIGS. 1A and 1B in accordance 
With the general embodiment of the present invention 
includes forming the ?rst oxide ?lm 22 on the silicon 
substrate 21 by a thermal oxidation, a chemical vapor 
deposition, etc., and etching certain portions of the ?rst 
oxide ?lm 22 to form the plurality of holes 22a therein. Then 
the silicon substrate 21 is subjected to isotropic etching 
through the plurality of holes 22a to etch an appropriate 
thickness of the silicon substrate 21 underneath the ?rst 
oxide ?lm 22, thereby forming the cavity 23 in the silicon 
substrate 21. 

[0026] Then, as shoWn in FIG. 2B, the N-type impurity 
region 24 is formed using PoCl3 at a surface region of the 
cavity 23. Then, the second oxide ?lm 25 is deposited, e.g., 
by using a loW pressure chemical vapor deposition, on top 
and bottom surfaces of the ?rst oxide ?lm 22 to ?ll the holes 
22a and the space betWeen the cavity 23 and the N-type 
impurity region 24. 

[0027] Next, as shoWn in FIG. 2C, a semiconductor layer 
is deposited on the entire surface of the second oxide ?lm 25 
and subjected to anisotropic etching to form the device 
formation region 27 on a middle portion of the second oxide 
?lm 25 over the cavity 23. The contact holes 26 are formed 
to expose certain portions of the N-type impurity region 24 
around the device formation region 27. Then a metal layer 
is deposited on the entire surface and is subjected to aniso 
tropic etching to form the ground line 28a in contact With the 
N-type impurity region 24 through the contact holes 26. The 
ground line 28a is spaced a certain distance from the device 
formation region 27. The contact holes 26 are formed to 
expose a portion of the cavity 23 to alloW the ground line 
28a to contact With the cavity 23 and the N-type impurity 
region 24. 

[0028] A semiconductor device and a method of forming 
a signal transmission line of the semiconductor device Will 
be explained in accordance With the ?rst embodiment of the 
present invention referring to FIGS. 3A-4E. 
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[0029] As shoWn in FIGS. 3A and 3B, the semiconductor 
device includes a ?rst oxide ?lm 22 formed on a surface of 
a silicon substrate 21 having holes 22a therein at ?xed 
intervals, a heavily doped N-type impurity region 24, a 
cavity 23 etched to a particular depth in the silicon substrate 
21, a second oxide ?lm 25 covering the surface of the silicon 
substrate 21 doped With the N-type impurity region 24 and 
?lling the holes 22a, a plurality of contact holes 26 formed 
through the second oxide ?lm 25 to expose portions of the 
N-type region 24 on both sides of the cavity 23, a signal 
transmission line 28c arranged in one direction on a par 
ticular portion of the second oxide ?lm 25 over the cavity 23, 
and a plurality of ground lines 28b formed in contact With 
the N-type impurity region 24 through the contact holes 26. 
The contact holes 26 may be formed to expose certain 
portions of the cavity 23 for alloWing the ground lines 28b 
to contact the cavity 23 and the N-type impurity region 24. 

[0030] Referring to FIG. 4A, the method for fabricating 
the aforementioned semiconductor device of FIGS. 3A and 
3B in accordance With the ?rst embodiment of the present 
invention, includes forming the ?rst oxide ?lm 22 on the 
silicon substrate 21 by a thermal oxidation, a chemical 
vapour deposition, or the like, and etching the ?rst oxide ?lm 
22 to form the holes 22a in particular regions of the silicon 
substrate 21. Then the silicon substrate 21 is subjected to 
isotropic etching through the holes 22a to etch a portion of 
the silicon substrate 21 beneath the ?rst oxide ?lm 22 to an 
appropriate thickness, thereby forming the cavity 23 in the 
silicon substrate 21. 

[0031] As shoWn in FIG. 4B, the heavily doped N-type 
impurity region 24 is formed using PoCl3 at a surface of the 
silicon substrate 21 having the cavity 23. 

[0032] As shoWn in FIG. 4C, the second oxide ?lm 25 is 
deposited by using a loW pressure vapor deposition on top 
and bottom surfaces of the ?rst oxide ?lm 22 to ?ll the holes 
22a and to cover a surface of the silicon substrate 21 having 
the cavity 23 formed therein. 

[0033] As shoWn in FIG. 4D, the ?rst, and second oxide 
?lms 22 and 25 are subjected to anisotropic etching to 
expose the N-type impurity region 24 at ?xed intervals along 
both sides of the cavity 23 to form the contact holes 26. In 
the alternative, the plurality of contact holes 26 may be 
formed by anisotropically etching the ?rst and second oxide 
?lms 22 and 25 to expose the N-type impurity region 24 on 
both sides of the cavity 23 at ?xed intervals after etching the 
second oxide ?lm 25 to a deposited thickness. The latter 
method may be suitable for application in a case When the 
ground lines 28b and signal transmission line 28c to be 
formed later are integrated With chips of other functions. The 
contact holes 26 may also be formed to expose certain 
portions of the cavity 23 and the N-type impurity region 24. 

[0034] Then, as shoWn in FIG. 4E, 21 metal layer is 
deposited on the entire surface thereof and is subjected to 
anisotropic etching to form the ground lines 28b in contact 
With the N-type impurity region 24 through the contact holes 
26 and to form the signal transmission line 28c on the second 
oxide ?lm 25 in one direction betWeen the ground lines 28b. 

[0035] A semiconductor device and a method for fabri 
cating the same in accordance With the second embodiment 
of the present invention Will be explained referring to FIGS. 
5A-6E, Which is designed for preventing signal loss by 
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isolating a device formed on an SOI substrate from noise 
sources. In this example, an active device is formed applying 
the SOI substrate to the device formation region 27. 

[0036] Referring to FIGS. 5A and 5B, the semiconductor 
device in accordance With the second embodiment of the 
present invention includes a ?rst oXide ?lm 22 having holes 
22a in particular regions on a silicon substrate 21, and a 
cavity 23 etched to a particular depth in the silicon substrate 
21 under a particular part of the ?rst oXide ?lm 22. 

[0037] The semiconductor device further includes a 
heavily doped N-type impurity region 24 formed at a surface 
of the silicon substrate 21 having the cavity 23 formed 
therein, a second oXide ?lm 25 formed along a surface of the 
cavity 23 in the silicon substrate 21 and along a bottom 
surface of the ?rst oXide ?lm 22 to ?ll the holes 22a, contact 
holes 26 formed to eXpose particular parts of top portions of 
the N-type impurity region 24 on both sides of the cavity 23, 
a semiconductor layer 18 formed in a particular region of the 
?rst oXide ?lm 22 over the cavity 23, and a gate oXide ?lm 
29 and a gate electrode 30 formed on a top portion of the 
semiconductor layer 18 in one direction. 

[0038] The semiconductor device further includes source/ 
drain regions 31 provided in the semiconductor layer 18 on 
both sides of the gate electrode 30, Where the source/drain 
regions 31 may be lightly doped, a fourth oXide ?lm 32 
formed on the ?rst oXide ?lm 22, a plurality of contact holes 
33 formed to eXpose the source/drain regions 31 and the 
N-type impurity region 24, metal Wiring lines 34b and 34c 
formed in contact With the source/drain regions 31 through 
the contact holes 33, and ground lines 34a formed in contact 
With the N-type impurity region 24 through the contact holes 
33. 

[0039] Referring to FIG. 6A, a method for fabricating the 
semiconductor device of FIGS. 5A and 5B in accordance 
With the second embodiment of the present invention, 
includes the steps of forming the single crystal semiconduc 
tor layer 18 on the silicon substrate 21, depositing a third 
oXide ?lm 19 on the silicon substrate 21 inclusive of the 
semiconductor layer 18, etching the third oXide ?lm 19 to 
form the third oXide ?lm 19 only on the semiconductor layer 
18, depositing a nitride ?lm 20 on the entire surface of the 
formed structure, and subjecting the nitride ?lm 20 to 
anisotropic etching to cover only the third oXide ?lm 19 and 
the semiconductor layer 18. Then a thermal oxidation is 
performed to form the ?rst oXide ?lm 22 beneath the 
semiconductor layer 18 and on a surface of the silicon 
substrate 21. Then the ?rst oXide ?lm 22 on both sides of the 
semiconductor layer 18 is subjected to anisotropic etching to 
form the holes 22a, Where the holes 22a are spaced a certain 
distance from the semiconductor layer 18. The silicon sub 
strate 21 is subjected to isotropic etching through the holes 
22a to form the cavity 23. 

[0040] As shoWn in FIG. 6B, 21 surface of the silicon 
substrate 21 having the cavity 23 formed therein is doped 
With PoCl3 and diffused to form the heavily doped N-type 
impurity region 24. 

[0041] As shoWn in FIG. 6C, the second oXide ?lm 25 is 
formed on a surface of the silicon substrate 21 having the 
N-type impurity region 24 and on top and bottom surfaces 
of the ?rst oXide ?lm 22 to ?ll the holes 22a. Then the silicon 
substrate 21 is anisotropically etched as much as the depos 
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ited thickness to eXpose the ?rst oXide ?lm 22. The nitride 
?lm 20 and the third oXide ?lm 19 are then removed. 

[0042] As shoWn in FIG. 6D, an oXide ?lm and a silicon 
layer are deposited on the semiconductor layer 18 and 
subjected to anisotropic etching, using a mask for gate 
formation, to form the gate oXide ?lm 29 and the gate 
electrode 30. Then the ?rst oXide ?lm 22 on both sides of the 
cavity 23 is etched to eXpose the N-type impurity region 24 
to form the contact holes 26. The contact holes 26 may be 
formed to eXpose certain portions of the cavity 23. The 
semiconductor layer 18 on both sides of the gate electrode 
30 is heavily doped With N-type ions to form the source/ 
drain regions 31 therein. In this instance, the eXposed 
impurity region 24 is also doped With N-type ions. In the 
alternative, the source/drain regions 31 may be lightly 
doped. 
[0043] Then, as shoWn in FIG. 6E, the fourth oXide ?lm 
32 is deposited by a chemical vapor deposition, etc., and the 
contact holes 33 are formed such that the contact holes 33 
eXpose certain portions of the source/drain regions 31 and 
the N-type impurity region 24. Then the entire surface of the 
semiconductor device is covered With a metal layer. By 
patterning the metal layer, metal Wiring layers 34b and 34c 
being in contact With the source/drain regions 31 through the 
contact holes 33 and the ground lines 34abeing in contact 
With the N-type impurity region 24 through the contact holes 
33 are formed. In the alternative, in case that the contact 
holes 26 are formed to eXpose a portion of the cavity 23, the 
ground lines 34a may be formed to contact the cavity 23 and 
the N-type impurity region 24. 

[0044] The semiconductor device and the method for 
fabricating the same according to the general, ?rst and 
second embodiments of the present invention have the 
folloWing advantages. 
[0045] First, the formation of tWo ground lines in contact 
With an impurity region in a silicon substrate for one signal 
transmission line minimiZes a signal loss in the signal 
transmission line. 

[0046] Second, a signal loss can be prevented by perfectly 
and completely blocking the transmission of noise to semi 
conductor devices by forming a cavity in a silicon substrate 
and by forming a heavily doped impurity region in a surface 
of the silicon substrate. 

[0047] It Will be apparent to those skilled in the art that 
various modi?cations and variations can be made in the 
semiconductor device and the method for fabricating the 
same according to the embodiments of the present invention 
Without departing from the spirit or scope of the invention. 
Thus, it is intended that the present invention cover the 
modi?cations and variations of this invention provided they 
come Within the scope of the appended claims and their 
equivalents 

What is claimed is: 
1. A semiconductor device comprising: 

a ?rst insulating ?lm formed on a substrate and having a 
plurality of holes therein; 

a cavity formed under the ?rst insulating ?lm; 

an impurity region formed in the substrate and around the 
cavity; 
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a second insulating ?lm formed on portions of the ?rst 
insulating ?lm to ?ll the holes and a space betWeen the 
cavity and the impurity region; 

a plurality of contact holes formed to expose certain 
portions of the impurity region; and 

a plurality of Wiring layers formed to be in contact With 
the impurity region through the contact holes. 

2. A semiconductor device as claimed in claim 1, further 
comprising: 

at least one of a signal line and an active device formed 
on the second insulating ?lm betWeen the Wiring layers. 

3. Asemiconductor device as claimed in claim 1, Wherein 
the plurality of contact holes further eXpose certain portions 
of the cavity. 

4. A semiconductor device as claimed in claim 3, Wherein 
the plurality of Wiring layers further contact the eXposed 
portions of the cavity. 

5. Asemiconductor device as claimed in claim 1, Wherein 
the Wiring layers are ground lines. 

6. A semiconductor device as claimed in claim 1, further 
comprising: 

a semiconductor layer formed on the impurity region of 
the substrate; 

a gate electrode formed on the semiconductor layer; and 

a third insulating ?lm formed on the second insulating 
?lm to de?ne second contact holes therethrough. 

7. Asemiconductor device as claimed in claim 6, Wherein 
the semiconductor layer includes source and drain regions 
formed on sides of the gate electrode. 

8. A semiconductor device as claimed in claim 6, further 
comprising: 

second metal Wiring layers contacting the semiconductor 
layer through the second contact holes. 

9. A method of fabricating a semiconductor device, com 
prising: 

forming a ?rst insulating ?lm on a substrate to de?ne a 
plurality of holes therein; 

forming a cavity under the ?rst insulating ?lm; 

forming an impurity region in the substrate and around the 
cavity; 
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forming a second insulating ?lm on portions of the ?rst 
insulating ?lm to ?ll the holes and a space betWeen the 
cavity and the impurity region; 

forming a plurality of contact holes to eXpose certain 
portions of the impurity region; and 

forming a plurality of Wiring layers in contact With the 
impurity region through the contact holes. 

10. A method as claimed in claim 9, further comprising: 

forming at least one of a signal line and an active device 
on the second insulating ?lm betWeen the Wiring layers. 

11. A method as claimed in claim 9, Wherein the plurality 
of contact holes further eXpose certain portions of the cavity. 

12. Amethod as claimed in claim 11, Wherein the plurality 
of Wiring layers further contact the eXposed portions of the 
cavity. 

13. A method as claimed in claim 9, Wherein in the step 
of forming Wiring layers, the Wiring layers are ground lines. 

14. A method as claimed in claim 9, further comprising: 

forming a semiconductor layer on the impurity region of 
the substrate; 

forming a gate electrode on the semiconductor layer; and 

forming a third insulating ?lm on the second insulating 
?lm to de?ne second contact holes therethrough. 

15. A method as claimed in claim 14, Wherein the step of 
forming the semiconductor layer forms source and drain 
regions on sides of the gate electrode. 

16. A method as claimed in claim 14, further comprising: 

forming second metal Wiring layers in contact With the 
semiconductor layer. 

17. A method as claimed in claim 14, Wherein in the step 
of forming the semiconductor layer, the semiconductor layer 
is formed using an oXide layer and a nitride layer. 

18. Amethod as claimed in claim 9, Wherein the cavity is 
formed by isotropically etching portions of the substrate. 

19. A method as claimed in claim 9, Wherein the impurity 
region is heavily doped With N-type ions. 

20. A method as claimed in claim 9, Wherein the ?rst 
insulating ?lm is formed using thermal oxidation. 


